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Subject :  Results of P r i o r i t y  Pol l u t  ant Analyses on Water, Sediment, and 
Clam Samples Collected in lower Budd In le t  near McFarland Cascade, 
Olympia, WA. August 14, 1985 

ABSTRACT 

Samples of water, sediment, and clams from lower Budd I n l e t  were analyzed to  
f u r t h e r  define the  extent of creosote and pentachlorophenol contamination 
previously documented in the  v i c i n i t y  of McFar land Cascade's Olynpi a  pole- 
t r e a t i n g  f a c i l i t y .  P r i o r i t y  pol lu tant  polynuclear aromatic hydrocarbons 
(PNAs), dibenzofuran and pentachlorophenol were detected a t  low 1 eve1 s  in 
water from the  West Bay dra in .  P r i o r i t y  pol lu tant  PNAs were detected in a1 1 
sediment samples from West Bay. The concentrations of low molecular weight 
PNAs and dibenzofuran in one i n t e r t i d a l  sediment sample from West Bay appeared 
t o  be high enough t o  adversely a f fec t  marine l i f e .  C l  ams from East Bay con- 
tained PNA concentrat ions in the  range of values seen in Eagle Harbor (Bain- 
bridge Island,  Puget Sound). Total PNA concentrat ions in West Bay clams 
were about an order of magnitude lower and fa1 l into the  lower range of 
concentrat ions reported in clams from other  urban embayments in Puget Sound. 
PNAs, dibenzofuran and pentachlorophenol were not detected in cl ams from 
P r i e s t  Point Park. 

INTRODUCTION 

Substanti al creosote and pentachl orophenol contamination of ground water a t  
McFarl and Cascade's Olympia pole- treat ing f a c i l i t y  was f i r s t  documented in 
1983 (Applied Geotechnology, 1984). A subsequent inves t iga t ion  by the  Wash- 
ington S ta te  Department of Ecology (Ecology) in February 1985 confirmed the  
presence of creosote and pentachlorophenol in ground water a t  the  s i t e ,  and 
determined t h a t  contaminat ion extended t o  marine discharges and i n t e r t i d a l  
sediments in the  v i c i n i t y  of the  f a c i l i t y  (Johnson, 1985). In response t o  
your request f o r  additional sampling t o  fu r the r  define the  extent of contami- 
nat ion,  Art Johnson and I  conducted an additional survey on August 14, 1985. 
The objec t ives  of t h i s  survey were t o :  (1) measure pol lu tant  loadings from the  
West Bay storm dra in ,  ( 2 )  prepare a schematic of i t s  drainage system, ( 3 )  
re-sample sediments adjacent t o  the West Bay drain t o  c l a r i f y  the  extent  of 
creosote contamination in t h i s  area, and ( 4 )  determine contaminant levels  
in clams near the  McFarland Cascade f a c i l i t y ,  West Bay d ra in ,  and P r i e s t  Point 
Park ( t h e  nearest  public beach). 
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Sampl i  n q  

Fiqure 1 indica tes  the locat ions where samples were col lected.  Water samples 
from the  West Bay dra in  were col lected as grabs using the  fo l  lowing containers:  
one-gal lon q lass  j a r s  with te f lon- l ined l i d s  ( p r i o r i t y  pol lu tant  acidlbase- 
neutral compounds); 40 m L  g l a s s  v i a l s  with t e f fon  septums ( p r i o r i t y  pol lu tant  
purgab le orqanics) ;  one- 1 i t e r  polyethylene o t t l e s  (pH, s p e c i f i c  conductivi ty,  
t o t  a? suspended so 1 i d s )  ; and eight-ounce g l  ass j a r s  with t e f  l on- 1 ined l ids 
with 2 m L  H2S04 added as a  preservat ive ( t o t a l  organic carbon). Flow was 
a s ing le  instantaneous measurement taken wi t h  a  Marsh-McBirney magnetic flow 
meter. Temperature was measured with a  prec is ion  thermometer. 

Three sediment samples were collected in t h e  v i c i n i t y  of the  West Bay storm 
dra in .  Two were located in the i n t e r t i d a l  zone approximately ten f e e t  be- 
low the drain outfal  I .  The th i rd  was taken subtidal  ly approximately 75 f e e t  
from the  ou t fa l l  a t  a  depth of 34 f e e t  MLLW. In t e r t ida l  sediments were col-  
lected by hand with 1.5-inch ID s t a i n l e s s  s t e e l  core tubes. Subtidal sediment 
was col lec ted  using a  0.02 m2 p e t i t e  ponar grab sampler. In both instances,  
t h e  top 2  cm layer was removed, placed in a  two-gal Ion s t a i n l e s s  s t ee l  beaker 
and homogenized by s t i r r i n g  with s t a i n l e s s  s t e e l  spoons. In the  case of in- 
t e r t i d a l  sediments, several cores were cornposited from each s t a t i o n .  A s i n g l e  
grab was col lected subtidal  ly. Sample conta iners  were eight-ounce g lass  j a r s  
with te f lon-  1 ined l ids  ( p r i o r i t y  pol lu tant  acidlbase-neutrals  and purgable 
organics,  t o t a l  organic carbon, and percent s o l i d s ) .  

Clam samples were d u g  with a  shovel. Information on samples col lec ted  at each 
locat ion are shown in Table 1. 

Table I .  Data on clams col lec ted  by Ecology from lower Budd I n l e t  on 
August 14, 1985. 

Total Shucked Size 
amp1 e  

Location umber Speci e s t  (Number) 

P r i e s t  Point Park 338030 Native Li t t leneck ( 2  2 16 38-71 
I I BI II Mani 1 a  ( 7 )  

East Bay 338031 Soft She1 1 (11) 2 15 48-100 

e s t  Bay 338032 Native Li t t leneck (27)  228 43-70 
11 It 338037 " I I (27)  227 35-64 

? ~ a t i v e  L i  ttl eneck = Protothaca staminea 
Mani l a  - - 

Soft She1 1 - - 



BUDD INLET 



emo t o  Tom Eaton 
Results of P r i o r i t y  Pol lu tan t  Analyses on a t e r ,  Sediment, and C l a m  Samples 

Co 1 lected in lower Budd I n l e t  near cFarl and Cascade, Olympia, A. August 14, 
1985 

Only undamaged clams were saved f o r  analysi s .  These were f i r s t  rinsed in 
seawater on- s i te  and then al lowed to  depurate f o r  three hours in five-gal lon 
p l a s t i c  buckets f i  1 led with on- s i te  seawater.  The clams were wrapped in 
solvent-rinsed f o i l ,  p l  aced in pl a s t i c  bags, frozen overnight,  then dissected 
the  following day a t  the  EPA/Ecology Manchester laboratory. For each sample, 
a1 1 s o f t  t i s s u e s  were removed, composited, and homogenized in a ar ing blender. 
They were then placed in g lass  j a r s  with t e f lon- l ined  l ids  and ref r igera ted  
pendinq analysis .  

Containers f o r  p r i o r i t y  po 1 l u tant  organics were cleaned with sequential r inses  
of detergent ,  t a p  water, 03, d e i o n i z e d  water ,  nanograde methylene chlor ide ,  
then oven-dried. A1 1 sam e n t ,  mixing beakers, spoons, d i s sec t ion  in- 
struments, and blenders were cleaned by the  following procedure: washed with 
de tergent ,  r insed with de-ionized water, nanograde methyl ene chlor ide ,  nanograde 
acetone, and dried fo r  a t  l e a s t  10 minutes a t  100°C. So lvent-rinsed f o i  l was 
prepared by r ins ing the  f o i l  with nanograde methyl ene chlor ide  and nanograde 
acetone fo l lowed by oven-dryi ng . A1 l sampl e s  were p l  aced on i c e  a f t e r  co! lec- 
t i o n .  Ecology chain-of-custody procedures were followed. 

Analyses 

Sampl e analyses were conducted a t  the  EPAIEcol ogy Manchester l aboratory except 
fo r  t o t a l  organic carbon in water and sediment which was done by Laucks 
Testing Laboratories, Inc.,  S e a t t l e .  

P r i o r i t y  pol lu tant  organics were analyzed by gas chromatography/mass spectrome- 
t r y  (GC/MS) fo l  lowing E P A  Method 625 (ac id /base-neut ra ls )  . P r i o r i t y  pol lu tant  

urgables da ta  are  not reported since maximum sample holding times were ex- 
ceeded p r io r  t o  analys is .  

In order t o  quantify polynuc lear  aromatic ydrocarbons (PNAs) a t  low leve l s  i n  
sediment and t i s s u e ,  speci a1 cleanup s teps  were necessary. The major s teps  

sed in the  ext rac t ion  and analysis  are shown below i n  Figure 2.  

Weiqh Sample 

1 
Add S u r r o g a t e  S p i k e s  

1 
E x t r a c t  w i t h  2:1 

Methy lene  C h l o r i d e  
and Methano l  

1 
R e - e x t r a c t  
Water Phase 

1 
F i l t e r  

&H 

Gel Permeat ion  Ac i d / B a s r - N e u t r a l s  
 chromatograph,^ - A n a l y s i s  b y  GCIMS 

Cleanuo 

F i p u r e  2. EPAIEroiogy Manchester  l a b o r a t o r y  a n a l y t i c a l  scheme f o r  l o w - l e v e l  
PNA determinations i n  sediment  and t i s s u e .  
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Low-level analysis  f o r  P A compounds in sediment and t i s s u e  fo l lowed €PA 
Method 610 except GCIMS was employed t o  de t  c t  and quantify individual PNAs 
i nstead of gas chromatographylf 1 arne ion iza t  on detect ion ( G C I F I D ) .  

A number of organic compounds other than those  on EPA's p r i o r i t y  pol lu tant1  
hazardous substance l i s t  were t e n t a t i v e l y  i e n t i f i e d  in a1 1 media by computer- 
match with the  Manchester laboratory spectrum l ib ra ry .  Dick Huntamer (Ecology) 
did the  acid/base-neutral s analyses. 

Methods used f o r  the analysis  of conventional parameters are  summarized as 
fol  lows : 

o pH was measured with a Corning pH/ion analyzer  model #155. 

o Specif ic  conductivi ty was determined with a Beckman model #RC20 conduc- 
t i v i t y  bridge. 

o Total suspended so 1 ids and percent so 1 i d s  fo 1 lowed Methods 160.2 and 
160.3, respect ive ly ,  in  Methods f o r  Chemical Analysis of Water and Wastes 
( E P A ,  1979). 

o Total organic carbon ( T O C )  in water was determined by Method 505A in  
Standard Methods f o r  the  Examination o f  Water and Wastewater (APHA,  
1985). 

o Laucks Testing Laboratories measured TOC i n  sediment by C02 generation 
on combustion (Laucks, 1985). 

o Percent l ip ids  in t i s s u e  was determine by ext rac t ing  a t i s s u e  subsample 
three  times in petroleum e the r .  The e x t r a c t  was subsequently dried and 
the  l i pid content determined gravirnetrical ly as described in Manual of 

Transport and t r ans fe r  blanks ( 1 aboratory numbers 338038 and 338039) were 
analyzed f o r  p r i o r i t y  pol lu tant  organics. Blank water was prepared a t  the  
EPAIEcol ogy Manchester l aboratory by passi n de-ionized water through act ivated 
carbon f i l t e r s .  A l  1 compounds analyzed were below detect ion l imi t s  in these  
b 1 anks . 
Spike recovery da ta  fo r  p r i o r i t y  pol lu tant  organics  analyses are summarized 
in Appendix 1. In qeneral , spike recoveries were within qua1it.y assurance 
l imi t s  speci f ied  in"6uidel ines Estab l i  shing Test ~ r o c e d u r e s  for -  the  Analysis 

been corrected f o r  spike recoveries.  

Organics concentrat ions in sediment are  reported on a dry-weight bas is .  Tis- 
sue values are expressed as wet weight. 
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RESULTS A N D  DISCUSSION 

The r e s u l t s  of conventionals and p r i o r i t y  o l l u t a n t  organics analyses of water 
and sediments are  summarized in Table 2. For comparison, West Bay r e s u l t s  f o r  
the  February 13, 1985, survey (Johnson, 1985) a re  included in Table 2. 

Water 

Eleven organic pounds, mainly p r i o r i t y  As, were detected in 
water from the  t Bay d ra in .  The t o t a l  1 utant  PMA concentration 
was 56 u g / L ,  of ich 48 ug/L ( o r  85 perce t )  was 1 ow mo 1 ecul ar weight P N A ~ ~  . 
Concentrations of individual low molecular weight PNAs detected were as 
fo l  lows : acenaphthene 32 u g / L ;  acenaphthyl ene 1.2 u g / L ;  f  1 uorene 9.3 u g / L ;  
and phenanthrene 5 .5  u g / L .  Five high molecular weight PNAs were detected,  
each a t  l e s s  than 2 ug/L. The abundance of  low molecular weight PNAs i s  not 
surpr is ing  s ince  these compounds predominate in creosote and are much more 
water soluble than high molecular weight P A .  Two other compounds, dibenzo- 
furan and pentachlorophenol, were also detected in the West Bay d ra in  at 1 2  
ug /L  and 11 ug/L, respect ive ly .  

The previous sample col lec ted  by Ecology on February 13, 1985, from the  
Bay dra in  had s u b s t a n t i a l l y  higher PNA concentrat ions (390 ug /L  t o t a l  PNAs), 
again primarily 1 ow rnolecul ar weight compounds. Higher concentrations of 
dibenzofuran ( 5 4  u g / L )  and pentachl oropheno 1 (17 u g / L )  were a1 so detected in 
t h i s  sample. Suspended so l ids  concentrat ions in August and February were 16 
mg/L and 29 mg/L, respect ive ly .  Judging from i t s  high speci f ic  conductivi ty 
of 15,500 umohs/cm, the  August sample from the  drain represented primari ly 
t i d a l  waters.  This could account f o r  some of the  differences seen in organics 
and suspended so l ids  concentrat ions between the  two samplings. 

Pol lu tant  loads from the  e s t  Bay d ra in  are given in Table 3. In general ,  
these  loads are  a0 order of magnitude lower than those measured in February. 
An exception i s  the  Ausust pentachlorophenol load which i s  approximately 
one- third of t h a t  seen in February. 

o lecular  weight PNAs a re  the  2-  and 3-ring compounds 
acenaphthene, acenaphthyl ene, naphtha1 ene, f  1 uorene, anthracene, and phenan- 
threne;  high molecul ar weight PNAs are  the  4- , 5- , and 6-ring compounds 
fluoranthene, benzo(a)anthracene, chrysene,  pyrene, benzo(b) and/or benzo(k) 
f l  uot-anthene, benzo( a)  pyrene, dibenzo( a ,h)  anthracene, i ndeno(1,2,3-cd) pyrene, 
and benzo(g,h , i  )peryl ene. 



Table 2. Summary of water and sediment da ta  col lec ted  by Ecology in West Bay lower 
Budd I n l e t ,  MA., February 13 and August 14, 1985 (water - u g / L ;  sediment - 
ug/Kg dry weight).  

__I----- ---- 
------- ----a=--- 

Location West Bay Drain - I n t e r t i d a l  - ---a Subtidal 
Date Col lected 211 3/85 8/14/85 2/13/85 8/14/85 8/14/85 8/14/85 
Sampl e  Number 079013 338033 079023 338035 , __ 338034 -- 338036 

Conventional s 

Time 
Flow ( c f s )  
Temperature ( " C )  
pH (S.U.) 
Sp. Cond . ( umhos/cm) 
Total Susp. Solids ( m g / L )  
Total Organic Carbon ( % )  
Percent Solids 

P r i o r i t y  Pol lu tant  P N A  

Acenaphthene 150 
Acenaphthyl ene 6.1 
Naphtha1 ene 8.1 
F l uorene 65 
Anthracene 18 
Phenanthrene 6 5 
F l  uoranthene 3 6 
Benzo( a )  anthracene 6.8 
Chrysene 6.6 
Pyrene 3 0 
Benzo(b)fluoranthene 
and/or benzo(h)f l uoranthene 3 

Benzo(a)pyrene 2 u  
Dibenzo(a,h) anthracene 2u 
Indeno(l,2,3-cd)pyrene 2 u 
Renzo(g,h ,i )peryl ene 2u 

t o t a l  2-3-ring 310 
t o t a l  4,5,6-ring 82 
t o t a l  PNA / - 
Other Com~ounds 

Di benzofuran 5 4 
Pentachl orophenol 17 
2-methyl n a ~ h t h a l  ene 4.2 

- - 
- - 
- - 
- - 
- - 
- - 

.2 
70.2 

oou 
oou 
oou 
oou 
oou 
oou 
20 
oou 
oou 
6 0 

oou 
0 o u  
oou 
oou 
oou 

- - 
880 
880 

oou 
0 o u  
00 u 

- -  - - Not analyzed. 
u = Mot detected at  de tec t ion  l imit  shown. 
J = Estimated concentrat ion.  

// - = Exceeds E P A  c r i t e r i o n  ( acu te  t o x i c i t y )  f o r  the  protect ion of sa l twater  aquatic  
l i f e  ( E P A ,  l98Ob). 
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Table 3. Pollutant  loads t o  lower Budd I n l e t  from e s t  Bay dra in  
measured by Ecology February 13 and August 14, 1985. 

Date Sampl e 
Col lected Number Constituent 

Lo ad 
( 1 bslday) 

211 3/85 079013 Low molecular weigh 
High molecular weight PNA 
Dibenzofuran 
Pentachl oropheno l 
Total suspended sol ids  

8/14/85 338033 Low molecular weigh 
High molecular weight PNA 
Di benzof uran 
Pentachl oropheno l 
Total sus~ended s o l i d s  

West Bay d ra in  i s  the  major stormwater discharge point f o r  runoff from the  
portion of the  Port of Olympia shown in Figure 3. This dra in  also receives 
stormwater col lected a1 ong Capitol Way in do ntown Olympia. Contaminated 
ground water beneath the  McFarl and Cascade f a c i  l i t y  i s  in communication with 
t h i s  drainage system (Johnson, 1985). 

Sediments 

P r i o r i t y  pol l u t  ant P As were detected in al l sediment samples from 
s was the case in the  February survey, pentachlorophenol was not detected i n  
e s t  Bay sediments. 

The highest PNA levels  (23,000 ug lKg  dry weight to ta l  PNAs, sample no. 338034) 
were found i n t e r t i d a l  ly j u s t  southwest of the West Bay d ra in .  Individual pol- 
l u tant  concentrat ions in t h i s  sample ranged rom 170 ug1Kg naphthalene t o  
,300 ug1Kg f luoranthene,  Dibenzofuran was a l so  detected in t h i s  sample at 

880 u g l K g .  

PNA concentrat ions in an adjacent sediment sample taken northwest of the  drain 
were approximately an order of magnitude lower (1,500 u g / K g  t o t a l  PNAs, sample 
no. 338035) than those seen on the southwest s i d e  of the  d ra in .  This i s  simi- 
lar  t o  the  r e s u l t s  of the  previous sam l e  (880 ug/Kg t o t a l  PNAs, sample no. 
079023) col lected by Ecology a t  t h i s  locat ion i n  February (Johnson, 1985). 

Subtidal ly, concentrat ions of individual PNAs  ranged from 39 ug1Kg naphtha- 
lene t o  1,300 u g l K g  fluoranthene. Total P As in t h i s  sample (4,100 ug /Kg ,  
sampl e no. 338036) wer also an order of magnitude lower than in i n t e r t i d a l  
sediment southwest of e s t  Bay d ra in .  
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In a1 1 sediment samples analyzed from West ay, high rnolecul ar weight PNA 
compounds predominated. High molecul ar wei h t  PNAs, a re  s trongly 1 ipophyl i c  
and are hence characterized by a low solubi i t y  in  water and a strong a f f i n i t y  
f o r  binding with part icul  a t e  matter .  Conse uently,  one of the  primary removal 
processes f o r  these compounds in the marine environment i s t h r o u g h  sediment a- 
t i o n  (Lee, e t  a1 ., 1978). In con t ras t ,  low molecular weight PNAs have a 
g rea te r  v o l 3 i F t y  and a higher t y  i n  water. Therefore, the  predomi- 
nance of high molecular weight P e s t  Bay sediments i s  not unexpected. 

The substanti  a1 var ia t ion  in PNA concentrat ions seen in e s t  Bay sediments 
does not appear to  be a simple function of carbon conten which suggests tha t  
t h e i r  d i s t r i b u t i o n  i s  source-re1 ated.  Considering the c lose  proximity of a 

er  of o ther  potent i a1 hydrocarbon sources (mari nas and creosoted pi 1 ings)  
e s t  Bay, i t  i s  d i f f i c u l t  to  f u l l y  explain the  d i s t r i b u t i o n  of PNAs ob- 

served in the  sediment samples. I t  i s ,  however l ike ly  t h a t  the West Bay 
drain i s  a major cont r ibutor  of PNAs t o  nearby e s t  Bay sediments. 

In East Bay, sediments col lected in Februar from a local ized area near Mc- 
Far1 and Cascade had par t icul  a r ly  elevated c ncentrat ions (75,000 t o  1,300,000 
ug1Kg) of high molecular weight PNAs (Johnson, 1985). In con t ras t ,  t he  
l a rges t  concentrat ion (16,000 ugIKg)  of hig molecular weight PNAs seen in 
West Bay sediments are approximately two or  e r s  of magnitude lower than the  
la rges t  concentrat ion in East Bay. 

The levels  of low molecular weight PNAs (6,100 u g / K g )  and dibenzofuran (880 
ug/Kg)  in  the  most contaminated West Bay sarnpl e (no.  33803 ) may be s u f f i c i e n t  
t o  have de le te r ious  e f f e c t s  on marine l i f e  (Table 4 ) .  This conclusion i s  
based on comparisons with "apparent e f f e c t s  thresholds"(AET) determined 
during Superfund in e s t i g a t i o n s  of the  nearshore l t idef  l a t s  area of Commence- 
ment Bay (Te t ra  Tec , 1985). These thresh0 ds were developed by comparing 
bio logical response ( as measured by amphi po and oyster  larvae bioasays and 
abundance of inf  auna) t o  sediment chemistry, 

Table 4 .  West Bay sediments: low molecular weight PNA and dibenzofuran data  
compared t o  apparent e f f e c t s  thresho Ids ( uq/Kg dry weight).  

Locat ion "Apparent Effec ts  INTERTIDAL SUBTIDAL 
Thresh01 ds"'t 338034 338035 338036 

low niolecul ar weight P 5200 1300 D 
dibenzofuran 540 18801 N D N D - 

, Inc. ,  1985. Commencement Bay NearshoreITidef 1 a t s  Remedi a1 
Invest igat ion.  Vol. 1 prepared f o r  Wash. S t .  Dept. Ecology and USEPA. 

- = Above th res  

N D  = Not detected 
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Tissue 

The r e s u l t s  of p r i o r i t y  pol lutant  organics ana lys i s  of clam samples col lec ted  
in lower Budd I n l e t  are summarized in Tab ie 5 .  To p l  ace these r e s u l t s  in 
perspective,  organics concentrat ions reported f o r  c  l ams from Eag le  Har 
other  areas of Puget Sound a re  a  so presented . 
P r i o r i t y  pol lu tant  PNAs, dibenzofuran and pen achl orphenol, were not detected 
in clam samples from P r i e s t  Point Park. This park, located approximately 
three- four ths  mile north of the  McFarl and Cascade f a c i l i t y ,  i s  the  nearest 
public beach t o  t 

Clams col lected in East Bay near cFarl and Cascade contained a  number of pr i- 
o l l u t a n t  PNAs, with the  g rea tes t  f r a c t i o n  being high molecular weight 
ds .  Concentrations of individual compounds reported on a  wet-weight 

bas i s  ranged from 10 ug/Kg f luorene t o  360 ug/Kg fluoranthene. The t o t a l  P 
concentrat ion of 1,100 ug/Kg in t h i s  sample i s  the  highest found in clam 
t i s s u e  during t e  present survey. 

A concentrat ions measured in West Bay clams (99 t o  190 ug/Kg t o t a l  
pproximatel y  an order of agnitude lower than in East Bay clams. 

Concentrations of individual PNAs in e s t  Bay clams ranged from 11 ug/Kg ace- 
naphthene to  56 ug/Ks f luoranthene,  with the  g r e a t e s t  portion of the  PNAs 
present being high mofecul ar weight compounds. This seems t o  
agreement with what i s  known about sediment contamination in 
Concentrations of individual PMAs in clams from e s t  Bay were somewhat lower 
than levels  seen in sediments. 

In summary, i t  appears t h a t  t o t a l  PNA concentra t ions  in clams from East Bay 
near the  McFarland Cascade fac i  1 i t y  in lower B u d d  In le t  a re  a t  the  upper end 
of concentrations reported in urban areas of Puget Sound and in the  range of 
values seen in Eagle Harbor. s t  Bay clams, however, have P A concentrat  ions 
which fa1 1 into the  lower range of values reported from other  urban mbayments 
i n  Puget Sound. 

There are several important points t o  keep i n  mind when comparing data  on 
PNA levels  in clams from the resent  survey t o  r e s u l t s  obtained from other 
inves t iga t ions .  Differences n species analy ed,  sampl e  preparat ion,  and 
analyt ical  techni ues can s i g n i f i c a n t l y  affec reported PNA val ues. Based 
on information from the Eagle Harbor t i o n  (Yake, e t  al ., 1 
i s  c l e a r  t h a t  the NOAA laboratory has been ab l T t T a c  h -i 
s i  s t e n t l  y  hiqher percent recoveries t e s t e r  laboratory in ana- 
lyzing t i s sue  samples. In addit ion,  s percent recovery da ta  to  adjust  

f ina l  reported r e s u l t s ,  while t s t e r  laboratory does not.  I t  i s  
refore ,  t h a t  Manchester t s  are low with respect  to  t 
OAA in  other areas of Puget Sound. 

Seventeen addi t io  a1 compounds not found on E l i s t  of p r i o r i t y  pol lu tants /  
ubstances were ten a t ive l  y  i d e n t i f  sed iment, and 
les  col lec ted  duri g t h i s  survey ( 



Tab le  5 .  comparison o f  p o l y n u c l e a r  a romat i c  hydrocarbon c o n c e n t r a t i o n s  (PNA) i n  clams c o l l e c t e d  f rom lower Budd I n l e t  b y  Eco logy  August 14, 1985, 
t o  PNA c o n c e n t r a t i o n s  i n  clams f rom o t h e r  p a r t s  o f  Puget Sound (ug/Kg wet w e i g h t ) .  

-- 
LOWER B U D ~  I N L E T ~ /  PUGET s o u ~ @  

P r i e s t  EAGLE HARBOR?/ Case P o r t  S i n c l  a i r  Duwamish S e a t t l e  Com. Bay Hylebos 
St  a t  i o n  ' P o i n t  East  Bay West Bay 7 NOAA) (EcologTj r  I n l e t  Madison I n l e t  ka te rway  W a t e r f r o n t  Waterways Waterway -- 
Samp I e  Number 338030 338031 338037 338032 -- 
A n c i l l a r y  Measurements 

Percen t  L i p i d s  0.65 0.84 0.69 0.66 - - 0.8-1.3 --  --  --  - - - - - - - -  
Percen t  S o l i d s  17.9 15.3 15.2 13.8 16.5-18.0 14-18.3 7.3 18 15 16 14 14 16 

P r i o r i t y  P o l i u t a n t  PNAs 

Acenapli thene 1Ou 17 
Acenaphthy lene 1Ou 20u 
Naphtha1 ene 1 Ou 20u 
F l  uorene 1Ou 1OJ 
An th r  acene 1Ou 2 2 
Phenantht-ene 1Ou 120 
F l  uoranthene 1 Ou 360 
Benzoi a) anthracene 50u 7 7  
chrys&n; 
Pyrene 
B e n z o ( b ) f l u o r a n t h e n e  

andlor 
B e n z o ( k ) f  l uoranthene 
Benzo( a ) p y e n e  
D i b e n r o i  a,h) anthracene 
Indeno( l ,2 ,3 -cd )py rene  
Benzo(g,h, i  ) p e r y i e n e  

t o t a l  2 - 3 - r i n g  
t o t a l  4 ,5,6-r ing 
t o t a l  

46u 
- - 
l l u  
2 . 8 ~  
5.6 
--  
14 
3 9  

Other  Compounds 

D ibenzo fu ran  1 Ou 20u 20u 20u 3.5-120 2u-62 - - - - - - - - --  - - - - 
Pentach loropheno I IOU 20u 20u 20u --  0.3-9.3 --  - - - - - - - - - - - - 

l / p r o t o t h a c ?  staminea, Tapes j a p o n i c a ,  and Mya a r e n a r i a .  
/AI  l  d a t a  except  Eagle Harbor  f rom M a l i n s ,  2 A. (1980) .  Macoma -, M. c a r l o t t e n s i s ,  and Aci c a s t r e n s i s .  
?/yake, B., J. Joy, and A. Johnson, 1984. "Chemical con taminan ts  i n  clams and c rabs  f rom Eaq le  Harbor ,  Washinqton S t a t e ,  w i t h  m p h a s i s  on 

p l y n u c l e a r  a romat i c  hydrocarbons.  Dept. o f  Ecology.  31  pp. Saxidomus g jgan tegs ,  P r o t o t h a i a  starninea, and ~ a ~ e s  j a p o n l c a .  

( ) = L a b o r a t o r y  c o n d u c t i n g  a n a l y s i s  
u  = Not d e t e c t e d  a t  d e t e c t i o n  l i m i t  shown. 
J  = Es t ima ted  Value 

- -  - - Not q u a n t i f i e d  



Table 6. Compounds t e n t a t i v e l y  iden t i f i ed  in water, sediment, and t i s s u e  samples col lected by Ecology August 14, 
1985, in  lower B u d d  I n l e t ,  Olympia, WA. (water - u g / L ;  sediment ug/Kg dry weight; t i s s u e  - ug/Kg wet 
weight) .  

Med i a Water Sediment Tissue 
Location West Bay Drain West Bay I n t e r t i d a l  East Bay 
Sampl e Number 338033 338034 338035 338031 
Compound CAST No . 
1-naphtha1 ene - carboxyl i c  acid 
1- methyl naphtha1 ene 
1,2-dimethyl naphthalene 
1 ,2 ,3  trimethyl -4-propenyl -(E)-naphtha1 ene 
1,4-dihydro-1,4-methano-naphthalene-9-01 

t e t r a h y d r o n a p h t h a l  ene 
3,4,5,6 tetramethyl phenanthrene 
2,3-dihydro-IH inden-1-01 
2,3-dihydro-1-methyMH indene and/or isomer 
4-methyl dibenzofuran 
2,6-dimethyl pyridine and/or isomer 
3-phenyl 2-propenal 
Benzo(b) thiophene 
Isoqui no1 i  ne 
2-methyl qui ndi ne 
4-methyl oxine (E)-benzal dehyde 
C h l  o r o- t r i s  (2-methyl propyl) stannane 

J = estimated concentrat ion.  
t = Chemical Abstracts Service (CAS) r e g i s t r y  numbers. 



Memo t o  Tom Eaton 
Results of P r i o r i t y  Pollutant  Analyses on a t e r ,  Sediment, and C l a m  Samples 

Collected in lower Budd I n l e t  near cFar 1 and Cascade, Olympia, MA. August 14, 
1985 

compounds (primari l y  methyl ated aromatic hydrocarbons--especi al ly naphtha1 enes) 
were detected in water from the  West Bay d r a i n .  A number of methyl ated 
aromatic hydrocarbons were also seen in water from the West Bay d ra in  during 
the  February survey (Johnson 1985). 

The major f indings of t h i s  survey are  as fo 

Nine p r i o r i t y  pol lu tant  PNAs were quant i f ied  in water from the  West Bay 
dra in .  Dibenzofuran and pentachlorophenol were also detected at low 
levels .  In addit ion,  12 non-priori ty pol 1 utant compounds were tenta-  
t i v e l y  i d e n t i f i e d .  

The West Bay dra in  appears to  be a continuing source of PNAs, dibenzo- 
furan,  and pentachlorophenol, a1 though contaminant loads t o  West Bay 
estimated in August 1985 were somewhat l e s s  than those measured in 
February 1985. 

Total PNA concentrat ions in th ree  West Bay sediments co l lected during 
t h i s  survey ranged from 1,500 t o  23,000 ug /Kg .  This compares t o  the  880 
ug/Kg reported during the  February col 

Concentrations of low molecul ar weight PNAs (6,100 ug/Kg)  and dibenzo- 
furan (880 ug/Kg) detected in one i n t e r t i d a l  sediment sample (no. 338034) 
from West Bay may be s u f f i c i e n t  t o  adversely a f fec t  marine l i f e .  

Clams from East Bay near McFarland Cascade were found t o  contain high 
concentrat ions of p r i o r i t y  pol lu tant  P A concentrat ions in the  range of 
values seen in Eagle Harbor. Total PN levels  in West Bay clams are  
about an order of magnitude lower than concentrat ions in East Bay clams. 
PNA levels  in clams from West Bay appear t o  fa1 1 in the  lower range of 
values reported from other urban emba en t s  in Puget Sound. 

P r i o r i t y  pol lu tant  PNAs, dibenzofuran and pentachl oropheno l were not 
detected in clams from P r i e s t  Point Park. 

Attachments 
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